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TITLE 

DIGITALLY CONFIGURABLE MULTIPLEXER/DE-MULTIPLEXER 

by 

Douglas L. Youngblood and Christopher Ludeman 
BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

[0001] The present invention relates to data acquisition 
systems, and more particularly to a digitally configurable 
multiplexer/de-multiplexer for routing a number of analog 
signals to or from selected analog front ends of a 
digitization block of a data acquisition system. 

DESCRIPTION OF THE RELATED ART 

[0002] Analog multiplexers /de-multiplexers (MUX/DEMUX) 
are typically configured as D:l devices (e.g., 2:1, 4:1, 
8:1 or 16:1) with "'N" address inputs for selecting from 
among ''D" analog data signals in which D = 2^^. An analog 
MUX/DEMUX is typically bidirectional and may be operated as 
a MUX to select from among multiple inputs to an output or 
as a DEMUX to route an analog signal to redirect to a 
selected one of multiple outputs as known to those skilled 
in the art. The term ''multiplexer" or ''MUX" as used herein 
is intended to connote bidirectional operation in which the 
MUX may be used for MUX or DEMUX operations. Each 
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configuration has traditionally been implemented on a 
separate integrated circuit (IC) or chip. If an analog 
signal needed to be dynamically re-routed to another path, 
additional multiplexers or switches were required and were 
placed in series with the signal path. Such additional 
devices added cost and complexity to the overall data 
acquisition system. In many cases, different 

configurations are required in the same system, which 
forced the designer to implement and purchase different ICs 
that suited each of the configurations. For example, some 
systems required the same signal to be routed to any number 
of different analog front ends that performed various 
functions (e.g., filtering, amplifying, etc.) depending 
upon the characteristics of the signal. 

[0003] Conventional analog multiplexers are relatively 
inflexible and consume a significant amount of printed 
circuit board (PCB) area of the data acquisition system. 

SUMMARY OF THE INVENTION 

[0004] A digitally configurable multiplexer/de- 
multiplexer according to an embodiment of the present 
invention includes several multiplexers, a switch matrix, 
and configuration logic. Each multiplexer receives 

multiple address signals, selects from among multiple first 
data signals and couples a selected first data signal to a 
corresponding one of several multiplexed signals. The 
switch matrix has a first interface coupled to the 
multiplexed signals and a second interface coupled to a 
plurality of second data signals. The configuration logic 
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receives multiple selection signals and is coupled to 
control the switch matrix to couple selected ones of the 
multiplexed signals to the second interface. 

[0005] In one configuration, the digitally programmable 
multiplexer/de-multiplexer includes M multiplexers, each 
receiving N address signals and coupling a selected one of 

N 

2 first data signals to a corresponding one of M 

multiplexed signals. In this case, N, M, Y = LOG2M and N 
are positive integers, and the configuration logic controls 
the switch matrix to configure the multiplexers as a number 
M/(2''"'') of (M/2'') (2'') :1 multiplexer ( s ) in which X is a 
selected integer between 0 and Y. In a specific 

configuration for M = 4 and N = 3, the digitally 
programmable multiplexer includes four 8:1 multiplexers, 
each receiving three address signals and selecting from 
among eight first data signals and coupling a selected 
first data signal to a corresponding one of four 
multiplexed signals. The configuration logic configures 
the multiplexers as four 8:1 multiplexers, two 16:1 
multiplexers, or one 32:1 multiplexer. 

[0006] The switch matrix may include an array of single- 
pole, single-throw (SPST) switches. In one embodiment 
using such SPST switches, the configuration logic includes 
a first decoder receiving at least one configuration 
signal, a second decoder receiving at least one address 
signal, and digital logic coupled to the first and second 
decoders to control the array of SPST switches. 
Alternatively, the configuration logic includes at least 
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one register to individually program the SPST switches. 
The switching matrix may alternatively be a cross-point 
matrix switch^ where the configuration logic is configured 
using decoders and digital logic or registers or any other 
programmable method, 

[0007] An integrated circuit (IC) according to an 
embodiment of the present invention includes first, second 
and third interfaces, multiplexers, a switch matrix, and 
configuration logic. The first interface includes first 
analog signal lines, the second interface includes selected 
analog signal lines, and the third interface includes 
select signal lines. Each multiplexer has multiple data 
signal lines coupled to the first interface, multiple 
address inputs coupled to the third interface, and a 
corresponding one of multiple multiplexed signal lines. 
The switch matrix has a multiplexed interface coupled to 
the multiplexed signal lines and a data interface coupled 
to the second interface. The configuration logic has an 
input coupled to the third interface and an output coupled 
to control the switch matrix to couple selected multiplexed 
signal lines to the second interface. 

[0008] A method of routing analog signals according to 
an embodiment of the present invention includes 
distributing first analog signals among several 
multiplexers, selecting a configuration for the 
multiplexers, addressing the multiplexers according to the 
selected configuration, and coupling selected ones of 
multiplexed signals from the multiplexers according to the 
selected configuration to second analog data signals. The 
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method may include combining the multiplexers into groups - 
The method may include routing a common set of address 
signals to each multiplexer of a group of multiplexers. 
The method may include selecting an output of a multiplexer 
of a group of multiplexers. The method may include 
selecting a multiplexed signal of a multiplexer of a group 
of multiplexers based on at least one address signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The benefits, features, and advantages of the 
present invention will become better understood with regard 
to the following description, and accompanying drawings 
where : 

[0010] FIG. 1 is a simplified block diagram of a data 
acquisition system employing a digitally configurable 
multiplexer implemented according to an embodiment of the 
present invention; 

[0011] FIG. 2 is a block diagram of a configurable 
multiplexer according to an exemplary embodiment of the 
present invention which may be used as the configurable 
multiplexer of FIG. 1; 

[0012] FIG. 3 is a more detailed schematic diagram of an 
exemplary embodiment of the configuration logic of FIG. 2; 

[0013] FIG. 4 is a block diagram of a configurable 
multiplexer according to another exemplary embodiment of 
the present invention which may be used as the configurable 
multiplexer of FIG. 1; 
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[0014] FIG. 5 is a simplified schematic diagram of the 
cross-point matrix of FIG. 4 according to an exemplary 
embodiment of the present invention; and 

[0015] FIG. 6 is a block diagram of the configuration 
logic of FIG. 4 according to an exemplary embodiment of the 
present invention using registers. 

DETAILED DESCRIPTION 

[0016] The following description is presented to enable 
one of ordinary skill in the art to make and use the 
present invention as provided within the context of a 
particular application and its requirements. Various 
modifications to the preferred embodiment will, however, be 
apparent to one skilled in the art, and the general 
principles defined herein may be applied to other 
embodiments. Therefore, the present invention is not 
intended to be limited to the particular embodiments shown 
and described herein, but is to be accorded the widest 
scope consistent with the principles and novel features 
herein disclosed. 

[0017] FIG. 1 is a simplified block diagram of a data 
acquisition system 100 employing a digitally configurable 
multiplexer (MUX) 101 implemented according to an 
embodiment of the present invention. Again, the term '"MUX" 
as used herein incorporates the concept and function of 
DEMUX in the opposite direction as known to those skilled 
in the art. The data acquisition system 100 is configured 
to perform various functions based on multiple analog (AN) 
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signals. The configurable MUX 101 is used by the data 
acquisition system 100 to route between AN signals and a 
digitization block 103. For MUX operation, for example, 
there may be a need to route one or more of the AN signals 
to any number of different analog front ends via analog to 
digital (A/D) inputs to filter or amplify selected signals 
based upon the characteristics of those signals. For DEMUX 
operation, analog signals output from the digitization 
block 103 via digital to analog (D/A) outputs are routed to 
selected ones of the AN signals. 

[0018] The configurable MUX 101 may be implemented in a 
discrete manner, or may be implemented as a separate 
configurable chip or integrated circuit (IC) , In an 
exemplary IC embodiment, the AN signals are coupled via a 
first input/output (I/O) interface 105, the SEL signals are 
received via a second interface 107, and the SAN signals 
are coupled via a third I/O interface 109, where . each 
interface includes one or more external pins on the IC. 
The interface 107 may include separate configuration and 
address inputs from the digitization block 103 depending 
upon the particular implementation. 

[0019] In the embodiment shown, the digitization block 
103 provides selection (SEL) signals to the configurable 
MUX 101 for selecting and routing between the AN and SAN 
signals, where the SEL signals include any combination of 
configuration (CFG) signals and/or address (ADDR) signals 
as further described below. In one embodiment, for 
example, the CFG signals are used to program the 
configurable MUX 101 into a selected configuration, in 



SE-2042-TL 



DOCKET: INSL.0096 



8 



which the ADDR signals are then used in accordance with the 
selected configuration to select from among the AN signals 
to provide the SAN signals or to route the SAN signals to 
selected ones of the AN signals. Such configuration 
programming is dynamic in one embodiment^ so that the 
digitization block 103 optionally re-programs the 
configurable MUX 101 to any one of several different 
configurations depending upon the configuration needed at 
any given time. In an alternative embodiment, the CFG 
signals are static or otherwise hardwired into a particular 
configuration needed by the digitization block 103 for a 
particular implementation. In yet another embodiment, the 
SEL signals include only ADDR signals for selecting among 
the AN signals, in which one or more of the ADDR signals 
perform switching functions as further described below. 

[0020] FIG. 2 is a block diagram of a configurable MUX 
200 according to an exemplary embodiment of the present 
invention, which may be used as the configurable MUX 101. 
In this particular configuration, the AN signals include 32 
signals distributed as the eight data I/O signals for each 
of four 8:1 MUXs 201, 202, 203 and 204, which include 
respective multiplexed I/O signals Ml, M2, M3 and M4 . The 
MUXs 201 - 204 each include or are otherwise coupled to a 
corresponding one of four 3:8 decoders 205, 206, 207 and 
208, respectively. The decoders 205 - 208 each receive and 
decode three ADDR signals for selecting one of the eight 
data signals of its corresponding 8:1 MUX, as known to 
those skilled in the art, where the selected AN signal is 
asserted as the multiplexed (M) signal of the corresponding 
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MUX or where the multiplexed signal is routed to the 
selected AN signal. For example, an ADDR of 000b (where 
''b" denotes a binary value) provided to the decoder 201b 
causes the MUX 201 to select its first data signal (e.g., 
signal 000b) to be coupled to the signal Ml. The ADDR 
signals are a subset of the SEL signals from the 
digitization block 103. 

[0021] The Ml - M4 I/O signals are coupled to a first 
interface of a switch matrix 209, which includes a second 
interface coupled to the SAN signals including individual 
signals SANl, SAN2, SAN3 and SAN4 as shown. The switch 
matrix 209 includes eight single-pole, single-throw (SPST) 
switches SI, S2, S3, S4, S5, S6, S7 and S7, which are 
controlled by control (CTL) signals asserted by 
configuration logic 211. Each SPST switch is normally 
opened and closes upon receiving a corresponding control 
signal from the configuration logic 211. The switches SI- 
S3 each have one pole coupled to the Ml signal; the 
switches S4 and S5 each have one pole coupled to the M2 
signal; the switches S6 and S7 each have one pole coupled 
to the M3 signal; and the switch S8 has one pole coupled to 
the M4 signal. The other pole of switch SI is coupled to 
the SANl signal; the other pole of switches S2, S5, S7 and 
S8 are coupled to the SAN4 signal; the other pole of 
switches S3 and S4 are coupled to the SAN2 signal; and the 
other pole of the switch S6 is coupled to the SAN3 signal. 
In this manner, the SANl signal is selectively coupled to 
SI, the SAN2 signal is selectively coupled to S3 or S4, the 
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SAN3 signal is selectively coupled to S6, and the SAN4 
signal is selectively coupled to S2, S5, S7 or S8. 

[0022] The SEL signals include the ADDR signals provided 
to the decoders 205 - 208 and configuration signals CI and 
C2 provided to the configuration logic 211. In the 
embodiment shown, the CI and C2 signals are digital binary 
signals that define any one of up to four different 
configurations of the configurable MUX 200 based on 
selections of the switches S1-S8 and corresponding address 
schemes. In general, a configuration of the MUXs 201-204 
is selected, the AN signals are distributed among one or 
more of the MUXs 201-204, the MUXs are addressed according 
to the selected configuration, and the multiplexed signals 
Ml - M4 are selected according to the selected 
configuration. The configuration of the MUXs 201-204 may 
include combining into one or more groups (e.g., group of 
one, two, four, etc.) and routing one or more sets of 
address signals to each group. The multiplexed signals Ml 
- M4 are selected by selecting a multiplexed signal of a 
MUX of a group of MUXs, where such selection is based on 
the configuration or address signals or a combination of 
both. 

[0023] In one embodiment, the CI and C2 signals (C2:C1) 
are asserted to 00b to configure the MUX 200 as four 8:1 
MUXs; C2:C1 - 01b to configure the MUX 200 as two (or dual) 
16:1 MUXs; C2:C1 = 10b to configure the MUX 200 as one 32:1 
MUX; and C2:C1 = lib is not used. For the 8:1 mode, each 
of the 8:1 MUXs receives 3 different address bits for a 
total of 12 different address bits. For the 16:1 mode, the 
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individual 8:1 MUXs 201 and 202 are combined into one 16:1 
MUX and the 8:1 MUXs 203 and 204 are combined into another 
16:1 MUX. In the 16:1 case^ the three address bits for 
each combined pair of 8:1 MUXs are the same, such that a 
common set of address bits are routed to each MUX of a 
group of MUXs. Another address bit (e.g., a more 
significant address bit) is used by the configuration logic 
211 to select between the pair of 8:1 MUXs to completely 
resolve the selected multiplexed M signal among the 16 data 
signals for each 16:1 MUX (e.g. a total of 8 address bits: 
3 to each combined pair of 8:1 MUXs for each 16:1 MUX and 
two more address bits including one bit for each 16:1 MUX 
for a total of 8 address bits). For the 32:1 mode, all 
four of the MUXs 201 - 204 are combined as a single 32-bit 
wide MUX in which the same three ADDR signals are provided 
to each of the decoders 205 - 208, and where two additional 
address signals are used to select between the four 8:1 
MUXs for a total of 5 address bits. As shown, the 
additional address signals Al and A2 are provided to the 
configuration logic 211 for the 16:1 or 32:1 modes, if 
applicable . 

[0024] FIG. 3 is a more detailed schematic diagram of an 
exemplary embodiment of the configuration logic 211. A 
first 2:4 decoder 301 receives the configuration signals 
C2:C1 and a second 2:4 decoder 303 receives the address 
signals A2:A1. Eight different switch enable blocks 305 
are provided for asserting eight different control signals 
CTLl, CTL2, CTL8, which control the eight switches SI 

- S8, respectively. The switch enable blocks 305 are 
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individually labeled for the switch they control/enable, 
i.e., enable block SI EN for asserting the CTLl signal for 
controlling the switch SI, enable block S2 EN for asserting 
the CRL2 signal for controlling the switch S2, and so on. 
Each enable block 305 is configured in any suitable manner, 
such as a buffer or an inverter/buffer or the like as known 
to those skilled in the art. 

[0025] The 00b output of the decoder 301 is coupled to 
the enable blocks SI EN and S6 EN, to one input of a two- 
input OR gate 307 and to one input of a three-input OR gate 
311. Each logic gate is labeled with a number indicating 
that its output is applied to the corresponding enable 
block, control signal and corresponding switch. For 
example, OR gate 307 is labeled with the number 4, 
indicating that when its output is asserted high, the CTL4 
signal is asserted high closing the switch S4. The output 
of the OR gate 307 is coupled to one input of another two- 
input OR gate 309, having its output coupled to the enable 
block S4 EN. The output of the OR gate 311 is coupled to 
one input of another two-input OR gate 313, having its 
output coupled to the enable block S8 EN. In this manner, 
when C2:C1 = 00b, the 00b output of the decoder 301 is 
asserted high, which asserts the CTLl, CTL4, CTL6 and CTL8 
signals, which closes the switches SI, S4, S6 and S8. This 
conforms to the 8:1 mode previously described in which the 
Ml - M4 signals are selectively coupled to the SANl - SAN4 
signals, respectively. 

[0026] The 01b output of the decoder 301 is provided to 
one input each of four two-input AND gates 315, 317, 319 
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and 321. The 00b, 01b, 10b and lib address outputs of the 
decoder 303 are coupled to the other inputs of the AND 
gates 315, 317, 319 and 321, respectively. The output of 
AND gate 315 is coupled to a second input of the OR gate 
311 and to the other input of the OR gate 307. The output 
of AND gate 317 is coupled to the other input of the OR 
gate 309 and to one input of another two-input OR gate 323. 
The output of the OR gate 323 is coupled to one input of 
another two-input OR gate 325, having its output coupled to 
the enable block S7 EN. The output of AND gate 319 is 
coupled to the third input of the OR gate 311 and to one 
input of another two-input OR gate 327, having its output 
coupled to the enable block S3 EN. The output of AND gate 
321 is coupled to the other input of the OR gate 327 and to 
the other input of the OR gate 323. In this manner, the 
01b output of the decoder 301 configures the configurable 
MUX 200 as a dual 16:1 MUX in which the A2 address signal 
determines which of the Ml and M2 signals are coupled to 
the SAN2 signal and the Al address signal determines which 
of the M3 and M4 signals are coupled to the SAN4 signal. 
Thus, for C2:C1:A2:A1 = 0100, switches S4 and S8 are closed 
selecting signals M2 and M4, for C2:C1:A2:A1 = 0101, 
switches S4 and S7 are closed selecting signals M2 and M3, 
for C2:C1:A2:A1 = 0110, switches S3 and S8 are closed 
selecting signals Ml and M4, and for C2:C1:A2:A1 = 0111, 
switches S3 and S7 are closed selecting signals Ml and M3 . 

[0027] The 10b output of the decoder 301 is provided to 
one input each of four two-input AND gates 329, 331, 333 
and 335. The 00b, 01b, 10b and lib address outputs of the 
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decoder 303 are coupled to the other inputs of the AND 
gates 329, 331, 333 and 335, respectively. The output of 
AND gate 329 is coupled to the other input of the OR gate 
313 for asserting the CTL8 signal. The output of AND gate 
331 is coupled to the other input of the OR gate 325 for 
asserting the CLT7 signal. The output of the AND gate 333 
is coupled to the enable block S5 EN for asserting the CTL5 
signal. The output of AND gate 335 is coupled to the 
enable block S2 EN for asserting the CTL2 signal. In this 
manner, the 10b output of the decoder 301 configures the 
configurable MUX 200 as a 32:1 MUX in which the A2:A1 
address signals determine which of the Ml - M4 signals are 
coupled to the SAN4 signal. Thus, for C2:C1:A2:A1 = 1000, 
switch S8 is closed selecting signal M4, for C2:C1:A2:A1 = 
1001, switch S7 is closed selecting signal M3, for 
C2:C1:A2:A1 = 1010, switch S5 is closed selecting signal 
M2, and for C2:C1:A2:A1 = 1011, switch S2 is closed 
selecting signal Ml. The lib output of the decoder 301 is 
not used in the embodiment illustrated. 

[0028] Although the configurable MUX 200 is illustrated 
using four 8:1 MUXs, it is understood that different 
numbers of MUXs of other sizes may instead be used. For 
example, to handle 32 data signals, eight 4:1 MUXs or two 
16:1 MUXs may be used instead. Four 16:1 MUXs, eight 8:1 
MUXs or 16 4:1 MUXs could be used for 64 data signals. In 
the general case, a number M of 2^:1 MUXs are contemplated, 
where M and N are positive integers. Each MUX receives N 
address inputs and 2^ data signals (for a total of M(2^) 
data signals) and couples a corresponding one of M 
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multiplexed signals. The generalized configuration logic 
configures the number M of 2^:1 MUXs as a number 1X1/(2^"^) of 
(M/2^)(2^):l lyiUX(s) in which X is a selected integer between 
0 and Y = LOG2M. For purposes of illustration, note that 
for the configuration logic 211 in which M = 4, Y = 2 and N 
= 3 using four 8:1 MUXs, such that if X = 2, then the 
configuration logic 211 configures four 8:1 MUXs as 
previously described. Or if X = 1, then the configuration 
logic 211 configures dual 16:1 MUXs as previously 
described. Or if X = 0, then the configuration logic 211 
configures a single 32:1 MUX as previously described. 

[0029] FIG. 4 is a block diagram of a configurable MUX 
400 according to another exemplary embodiment of the 
present invention, which may be used as the configurable 
MUX 101. In this case, the 8:1 MUXs 201 - 204 and the 
decoders 205 - 208 are configured in substantially the same 
manner for selectively coupling the AN signals and the Ml - 
M4 signals. In this case, the Ml - M4 signals are coupled 
to respective I/O signals of a first I/O interface of a 4X4 
cross-point matrix 401, which includes a second I/O 
interface coupled to the I/O signals SANl - SAN4 . The 
cross-point matrix 401 is controlled by CTL signals from 
configuration logic 403, which receives one or more of the 
SEL signals. 

[0030] FIG. 5 is a simplified schematic diagram of the 
cross-point matrix 401 according to an exemplary embodiment 
of the present invention. As shown, the Ml - M4 signals 
are distributed among four signal lines 501, individually 
referred to as signal lines Ml - M4 . A set of four signal 
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lines 503 couple the signals SANl - SAN4, respectively, and 
are referred to as the signal lines SANl - SAN4, 
respectively. A set of sixteen normally-open SPST switches 
SI - S16 are each coupled between one signal line 501 and 
one signal line 503. In particular, the switches SI, S2, 
S3 and S4 each have one pole coupled to the SANl signal 
line, the switches S5, S6, S7 and S8 each have one pole 
coupled to the SAN2 signal line, the switches S9, SIO, Sll 
and S12 each have one pole coupled to the SAN3 signal line, 
and the switches S13, S14, S15 and S16 each have one pole 
coupled to the SAN4 signal line. The other poles of the 
switches SI, S5, S9 and S13 are coupled to the Ml signal 
line, the other poles of the switches S2, S6, SIO and S14 
are coupled to the M2 signal line, the other poles of the 
switches S3, S7, Sll and S15 are coupled to the M3 signal 
line, and the other poles of the switches S4, S8, S12 and 
S16 are coupled to the M4 signal line. The CTL signals 
include 16 signals CTLl - CTL16 (FIG. 6) to control the 
switches SI - S16, respectively, in a similar manner as 
previously described. 

[0031] The configuration logic 403 is implemented in any 
suitable fashion to configure each of the operating modes 
of the configurable MUX 400 according to the SEL signals. 
In one embodiment, a logic configuration similar to that of 
the configuration logic 211 is implemented to receive the 
SEL signals and to provide the CTL1-CTL16 signals. In a 
more flexible configuration, the configuration logic 403 
includes one or more registers including 16 programmable 
bits for programming the CTL1-CTL16 signals. As shown in 
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FIG. 6, for example, the configuration logic 403 includes a 
first 8-bit register 601, which stores bits CTLl - CTL8 and 
a second 8-bit register 603, which stores bits CTL9 - 
CTL16. In this case, the digitization block 103 asserts a 
first address value ADDRl to program the register 601 and a 
second address value ADDR2 via the SEL signals (or via the 
interface 107) to program the register 603 for programming 
the 4X4 cross-point matrix 401 in any desired manner. The 
configuration logic 211 of the configurable MUX 200 may 
also be implemented using register logic, such as a single 
8-bit register with each bit controlling a corresponding 
one of the switches SI - S8 of the switch matrix 209. 

[0032] In one programmed operating mode, for example, 
the registers 601, 603 are programmed the values 10000100b 
and 00100001b, respectively, to close the switches SI, S6, 
Sll and S16 to couple the Ml and SANl signal lines 
together, to couple the M2 and SAN2 signal lines together, 
to couple the M3 and SAN3 signal lines together, and to 
couple the M4 and SAN4 signal lines together to configure 
the configurable MUX 400 as four 8:1 MUXs . Similar 
programming enables dual 16:1 MUXs or a single 32:1 MUX. 
The 4X4 cross-point matrix 401 allows greater flexibility 
to connect any of the 32 data signals to any of the 4 SANl 
- SAN4 signals. It is possible, for example, to have 4 
data signals connected simultaneously to the four SANl - 
SAN4 signals to create a 32:4 MUX if desired. 

[0033] Although the present invention has been described 
in considerable detail with reference to certain preferred 
versions thereof, other versions and variations are 
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possible and contemplated. Those skilled in the art should 
appreciate that they can readily use the disclosed 
conception and specific embodiments as a basis for 
designing or modifying other structures for providing out 
the same purposes of the present invention . without 
departing from the spirit and scope of the invention as 
defined by the appended claims. 

[0034] What is claimed is: 
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